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INTRODUCTION

The c h e m i c a l s t u d i e s on t h e c o n s t i t u e n t s of t h e t e r r e s t r i a l o r g a n i s m s , p a r t i c u l a r l y on t h o s e of m i c r o o r g a n i s m s and p l a n t s , h a v e l o n g been c a r r i e d o u t : t h e development i n t h i s f i e l d h a s been r e m a r k a b l e owing t o t h e p r o g r e s s of t h e c h e m i c a l i n s t r u m e n t a t i o n s a f t e r t h e World War 11. Much work on t h e c o n s t i t u e n t s of a n i m a l s s u c h as v i t a m i n s , hormones, and pheromones h a s a l s o been r e p o r t e d . I n t h e e a r l y s t a g e i n t h e h i s t o r y of n a t u r a l p r o d u c t c h e m i s t r y i n J a p a n , t h e s c i e n t i f i c i n v e s t i g a t i o n s on t h e c o n s t i t u e n t s of m a r
i n e o r g a n i s m s had been performed: s t u d i e s on sodium g l u t a m a t e ( A j i n o m o t o ) f r o m a sea t a n g l e by I k e d a a n d on t e t r o d o t o x i n f r o m p u f f e r f i s h by Tahara were p u b l i s h e d a t t h e s t a r t of 2 0 t h c e n t u r y ( r e f . 1).
I n t h i s l e c t u r e t h e r e c e n t r e s u l t s on t h e s t u d i e s of polyoxygenated b i o a c t i v e s u b s t a n c e s from m a r i n e o r g a n i s m s , i n p a r t i c u l a r m a r i n e a n i m a l s , which have been a c t i v e l y done i n J a p a n w i l l be summarized.
CHARACTERISTIC FEATURES OF SUBSTANCES FROM MARINE ORGANISMS
The l i v i n g environment of m a r i n e o r g a n i s m s d i f f e r s much from t h a t of t h e t e r r e s t r i a l organisms: t h e f o r m e r s l i v e i n water and t h e l a t t e r s l i v e i n t h e a i r . I n t h e sea t h e v ;tion of t h e e n v i r o n m e n t s s u c h a s t h e t e m p e r a t u r e o c c u r s t o a r e l a t i v e l y s m a l l e x t e z F o o d s a n d n u t r i t i o n s a r e o b t a i n e d f r o m t h e s u r f a c e of t h e body i n s o m e m a r i n e or-ganisms, a n d a r e a q u i r e d by s y m b i o s i s i n many o t h e r m a r i n e organisms. Owing t o t h e d i f f e r e n c E s i n t h e l i v i n g c o n d i t i o n s between t e r r e s t r i a l and m a r i n e o r g a n i s m s d e s c r i b e d above as w e l l as many o t h e r f a c t o r s , t h e c o n s t i t u e n t s i n t h e m a r i n e o r g a n i s m s d i f f e r c o n s i d e r a b l y f r o m t h o s e of t h e t e r r e s t r i a l organisms.
(1) The m a r i n e o r g a n i s m s (among o t h e r s a l g a e ) c o n t a i n a b u n d a n t l y h a l o g e n a t e d o r g a n i c compounds, i n p a r t i c u l a r brominated compounds (So f a r few f l u o r o compounds have been d e t e c t e d . ) . The g u a n i d i n e compounds are abundant i n marine organisms. ( 2 ) Among t h e m a r i n e o r g a n i s m s t h e r e are many s p e c i e s of b l u e g r e e n a l g a e and d i n o f l a g e ll a t e s . They produce s t r u c t u r a l l y and b i o l o g i c a l l y i n t e r e s t i n g compounds: some of them become s y m b i o t i c s t o other o r g a n i s m s s u c h as sponges and produce m e t a b o l i t e s , which a r e i s o l a t e d a s t h e b i o a c t i v e c o n s t i t u e n t s o f t h e h o s t o r g a n i s m s . A s t o t h e o r i g i n o f t h e c o n s t i t u e n t s o f m a r i n e o r g a n i s m s , i t m u s t be c o n s i d e r e d t h a t t h e s e c o n s t i t u e n t s are produced by t h e s y m b i o t i c s and a r e a c c u m u l a t e d i n t h e o r g a n i s m s by t h e food c h a i n .
( 4 ) Many m a r i n e o r g a n i s m s c o n t a i n w a t e r -s o l u b l e c o n s t i t u e n t s , p a r t i c u l a r l y polyoxy o r polye t h e r s u b s t a n c e s . The c h a r a c t e r i s t i c f e a t u r e s of t h e s e p o l y o x y g e n a t e d c o m p o u n d s a r e t h a t t h e y show i n t e r e s t i n g c h e m i c a l r e a c t i v i t i e s a n d b i o a c t i v i t i e s , i n p a r t i c u l a r t o x i c i t y .
I w i l l d i s c u s s polyoxygenated b i o a c t i v e s u b s t a n c e s such as t o x i c s u b s t a n c e s , t e t r o d o t o x i n s a n d p a l y t o x i n s a n d p o t e n t a n t i n e o p l a s t i c s u b s t a n c e s , h a l i c h o n d r i n s a n d a m p h i d i n o l i d e s .
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Y. HIRATA TETRODOTOXINS P u f f e r f i s h i s known t o be d e l i c i o u s and a l s o t o be s t r o n g l y t o x i c , S c i e n t i f i c i n v e s t i g a t i o n on t h e t o x i c c o n s t i t u e n t o f p u f f e r f i s h h a d b e e n c a r r i e d o u t s i n c e t h e b e g i n n i n g o f t h i s c e n t u r y ( r e f . 1). I s o l a t i o n o f t h e t o x i n was d i f f i c u l t , b e c a u s e t h e t o x i n w h i c h h a s h i g h o x y g e n c o n t e n t i s i n s o l u b l e i n o r g a n i c s o l v e n t s e x c e p t f o r water i n t h e i m p u r e s t a t e , a l t h o u g h i t s m o l e c u l a r w e i g h t i s n o t l a r g e . I n 1 9 5 0 , h o w e v e r , t h e c r y s t a l l i n e t o x i n was i s o l a t e d f r o m t h e o v a r i e s o f r u b r i p e s r u b r i p e s by Yokoo ( r e f . 2). The s t r u c t u r e d e t e r m i n a t i o n o f t h e t o x i n w a s a l s o d i f f i c u l t b e c a u s e o f t h e h i g h o x y g e n c o n t e n t a n d t h e u n p r e c e d e n t e d u n u s u a l s t r u c t u r e . L a r g e s c a l e i s o l a t i o n o f t h e t o x i n c o u l d be r e a l i z e d by employing t h e i o n exchange r e s i n ( A m b e r l i t e I R C 50).
The a v a i l a b i l i t y of t h e NMR (60 MHz) s p e c t r o s c o p y a s w e l l as t h e X-ray d i f f r a c t i o n method u s i n g computer l e d t h r e e r e s e a r c h groups ( T s u d a ' s , Woodward's a n d o u r g r o u p s ) t o t h e s u c c e s s i n d e t e r m i n i n g t h e s t r u c t u r e o f t h e t o x i n i n 1962, t h e r e s u l t s of which were d i s c l o s e d a t t h e T h i r d I n t e r n a t i o n a l Symposium on t h e C h e m i s t r y o f N a t u r a l P r o d u c t s i n Kyoto i n 1 9 6 4 ( r e f . 3, 4 , 5). The s y n t h e s i s o f t h e t o x i n was a c h i e v e d by K i s h i and h i s c o w o r k e r s i n 1972 ( r e f . 6).
When t h e t o x i n once becomes c r y s t a l l i n e a f t e r p u r i f i c a t i o n , u n e x p e c t e d l y i t i s i n s o l u b l e i n water e x c e p t t h a t it i s s o l u b l e i n a c i d i c w a t e r , a l t h o u g h it c o n t a i n s hydroxyl g r o u p s and a g u a n i d i n e group. T e t r o d o t o x i n was found t o i n h i b i t s p e c i f i c a l l y t h e sodium i o n p e r m e a b i l i t y of t h e membrane ( r e f . 7 , 8). The main a c t i o n of t e t r o d o t o x i n i s p a r a l y s i s of t h e p e r i p h e r a l n e r v e s . It h a s b e e n o b s e r v e d t h a t a n i m a l s p o s s e s s i n g t e t r o d o t o x i n a n d p u f f e r f i s h a r e h i g h l y r e s i s t a n t toward t h e t o x i n . These o b s e r v a t i o n s are presumably due t o t h e f a c t t h a t t h e p u f f e r n e r v e i s a t l e a s t 1,000 t i m e s m o r e r e s i s t a n t t h a n t h e f r o g n e r v e . The t a r i c h a n e r v e i s a t l e a s t 30,000 t i m e s more r e s i s t a n t t h a n t h e f r o g n e r v e ( r e f . 8).
T e t r o d o t o x i n was a l s o i s o l a t e d f r o m t h e C a l i f o r n i a n e w t ( r e f . l o ) , t h e goby f i s h ( r e f . l l ) , t h e a t e l o p i a ( r e f . 12), and t h e b l u e r i n g e d o c t o p u s ( r e f . 13). R e c e n t l y t e t r o d o t o x i n and i t s c o n g e n e r s ( t e 
n t a i n t e t r o d o t o x i n ( r e f . 15). I n t e r e s t i n g l y , however, a k i n d of o r i g i n a l l y t o x i c p u f f e r becomes n o n t o x i c when c u l t u r e d i n a l a b o r a t o r y f o r a l o n g time. Now we b e l i e v e t h a t t e t r o d ot o x i n i s produced n o t by p u f f e r s t h e m s e l v e s , b u t by l o w e r organisms.
From t h e J a p a n e s e n e w t Y a s u m o t o h a s i s o l a t e d s e v e r a l k i n d s o f t e t r o d o t o x i n s , n a m e l y t e t r o d o t o x i n (TTX) (l), 4-epiTTX (2), 4,9-anhydro-4-&TTX
(3), 6-epiTTX (4), 4,9-anhydro-4-epi-6-epiTTX ( 5 ) , 11-deoxyTTX ( 6 ) , 11-deoxy-4-epiTTX (7), a n d 4,9-anhydro-4-e~&-ll-deoxyTTX (8) ( r e f . 16). I n t h e f u t u r e , o t h e r k i n d s of t e t r o d o t o x i n s w i l l b e f o u n d i n n a t u r e . The b i o s y n t h e s i s of t e t r o d o t o x i n w i l l be a problem of g r e a t i n t e r e s t .
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F i g . 1. T e t r o d o t o x i n a n a l o g u e s from t h e J a p a n e s e newt Cynops e n s i c a u d a ( r e f . 1 6 )
PALYTOXI N S
P a l y t h o a t u b e r c u l o s a ( C o e l e n t e r a t a , Z o a n t h i d a e ) , a s p e c i e s o f h e x a c o r a l l i a l i v i n g on t h e c o r a l r e e f s i n t r o p i c a l a n d s u b t r o p i c a l r e g i o n s , c o n t a i n s p a l y t o x i n (9) w e l l -k n o w n as t h e most p o w e r f u l t o x i n among t h o s e o b t a i n e d from m a r i n e a n i m a l s o u r c e s (LD5o i n dog i s 25ng/kg i . v . ) ( r e f . 1
) . The t o x i n h a s b e e n f o u n d t o be e x t r e m e l y a c t i v e a g a i n s t c a r d i o v a s c u l a r systems, p a r t i c u l a r l y t h e c o r o n a r y a r t e r i e s ( r e f . 18). F u r t h e r m o r e , PTX i n d u c e s p r o f o u n d v a s o c o n s t r i c t i o n a n d i n c r e a s e s i n s y s t e m a t i c b l o o d p r e s s u r e ( r e f . 1 9 ) . T h i s t o x i n i s s t r o n g l y p o s i t i v e i n t h e i r r i t a n t and tumor-promoter t e s t i n g s , b u t i s n e g a t i v e i n t h e t e s t of i n d u c i n g ODC ( o r n i t h i n e d e c a r b o x y l a s e ) a c t i v i t y ( r e f . 20).
Palythoa tuberculosa (50 kg) (pH 6.9) CM-Sephadex C-25 column TSKk3000S COlUmn p a l y t o x i n s (ca. 500 mg) Scheme 1. I s o l a t i o n of p l y t o x i n s I s o l a t i o n and s t r u c t u r a l d e t e r m i n a t i o n of PTX were a l s o r e p o r t e d by Scheuer and Moore ( r e f . 17, 21), whose r e s u l t s are n o t d e s c r i b e d h e r e owing t o t h e l i m i t a t i o n of t h e s p a c e provided. W e have i s o l a t e d PTX as t h e main t o x i c c o n s t i t u e n t o f t h e Okinawan P a l y t h o a t u b e r c u l o s a poss e s s i n g e g g s and have d e t e r m i n e d i t s s t r u c t u r e ( r e f . 22). F u r t h e r , we have i s o l a t e d s i x cong e n e r s o f PTX (10, 11, 12, 13, and 14), which were d i f f i c u l t t o s e p a r a t e owing t o t h e i r chrom a t o g r a p h i c a l l y similar p r o p e r t i e s and t h e i r s t r u c t u r e s were e l u c i d a t e d i n 1981 ( r e f . 23).
(1) P u r i f i c a t i o n o f PTXs was e x t r e m e l y d i f f i c u l t , b e c a u s e t h e y are u n s t a b l e and s o l u b l e o n l y i n w a t e r , and have h i g h m o l e c u l a r w e i g h t s , and i n a d d i t i o n t h e y are a m i x t u r e of congeners. F o r t u n a t e l y , t h e p o r o u s p o l y m e r r e s i n became a v a i l a b l e , w h i c h c a n b e u s e d f o r e f f i c i e n t s e p a r a t i o n of p o l a r compounds i n aqueous s o l u t i o n s . The u 
s e o f t h e porous polymer r e s i n made p o s s i b l e t h e s e p a r a t i o n o f PTXs a s well a s t h e workup of t h e p e r i o d a t e o x i d a t i o n o f PTX. (2) The s t r u c t u r a l e l u c i d a t i o n of PTX c o u l d n o t be a c h i e v e d s o l e l y by u t i l i z i n g t h e NMR and mass s p e c t r o s c o p y because of t h e s t r u c t u r a l c o m p l e x i t y and t h e h i g h m o l e c u l a r weight. PTX was s u b j e c t e d t o o z o n o l y s i s o r t o p e r i o d a t e o x i d a t i o n on t h e porous polymer r e s i n , and t h o s e o x i d a t i o n p r o d u c t s were s e p a r a t e d and t h e i r s t r u c t u r e s were e l u c i d a t e d by t h e NMR and mass s p e c t r a l means as well as by t h e X-ray d i f f r a c t i o n method. On t h e b a s i s of t h e i n f o r m a t i o n o b t a i n e d from t h e p a r t i a l s t r u c t u r e s of t h o s e o x i d a t i o n p r o d u c t s d e s c r i b e d above, t h e whole
t h e H a w a i i a n P a l y t h o a t o x i c a i s t o x i c t h r o u g h o u t t h e year a n d i t s t o x i c i t y i s much s t r o n g e r t h a n t h a t of t h e Okinawan P a l y t h o a t u b e r c u l o s a . These f i n d i n g s are presumably due t o t h e d i f f e r e n c e i n t h e c o n t e n t s of PTXs a n d i n t h e v a r i e t y o f PTXs. I t i s i n t e r e s t i n g t o n o t e t h a t a k i n d o f PTXs was found i n t h e a l g a Chondria armata Kuzing Okamurai c o l l e c t e d a t t h e Yakushima i s l a n d of J a p a n ( r e f . 26): t h i s f i n d i n g i s i n t e r e s t i n g i n c o n n e c t i o n w i t h t h e o r i g i n of PTXs. R e c e n t l y , c a u s a t i v e f o o d p o i s o n i n g o c c u r r e d by p a r r o t f i s h e s i n A i c h i p r e f e c t u r e i n J a p a n ( r e f . 2 7 ) , by t r i g g e r f i s h e s i n M i c r o n e s i a ( r e f . 28), a n d by c r a b s i n P h i l i p p i n e s ( r e f . 2 9 ) , a n d a
l l t h e cases were f o u n d t o b e c a u s e d by PTXs. The c a u s a t i v e p o i s o n i n g d e s c r i b e d a b o v e i s c o n s i d e r e d t o be d u e t o PTXs c o n t a i n e d i n t h e P a l y t h o a s p . , which t h e f i s h e s and t h e c r a b s took as f o o d s ( f o o d -c h a i n ) .
POLYETHERS FROM MICROORGANISMS AND SPONGES
D i n o f l a g e l l a t e s a n d b l u e g r e e n a l g a e h a v e b e e n w e l l known t o p r o d u c e b i o l o g i c a l l y a
n d c h e m i c a l l y i n t e r e s t i n g m e t a b o l i t e s and much a t t e n t i o n h a s been p a i d t o t h e s e microorganisms
( r e f . 30).
Tachibana, Scheuer, T s u k i t a n i , and S c h m i t z and t h e co-workers i s o l a t e d o k a d a i c a c i d (15) from H a l i c h o n d r i a o k a d a i K a d o t a a n d i t s s t r u c t u r e was e l u c i d a t e d by X-ray c r y s t a l l o g r a p h i c a n a l y s i s ( r e f , 3 1 ) . From a d i n o f l a g e l l a t e , a t t h e same t i m e , S c h m i t z o b t a i n e d a c a n t h i o f o l i c i n w h i c h i s r e g a r d e d a s t h e 9 , l O -s -s u l f i d e of o k a d a i c a c i d ( r e f . 32). D i a r r h e t i c S h e l l f i s h P o i s o n i n g (DSP), w h i c h i s c a u s e d by i n g e s t i o n o f b i v a l v e s f e e d i n g o n t o x i c d i n o f l a g e l l a t e s , h a s been one of t h e most w i d e l y o c c u r r e d n a t u r a l food p o i s o n i n g s from m a r i n e source. R e c e n t l y , Yasumoto and t h e coworkers i s o l a t e d seven compounds c l a s s i f i e d i n t o t h r e e g r o u p s f r o m t h e d i n o f l a g e l l a t e w h i c h c a u s e s d i a r r h e t i c s h e l l f i s h p o i s o n i n g a n d d e t e r m i n e d t h e i r s t r u c t u r e s . One o f t h e t h r e e g r o u p s i n c l u d e s o k a d a i c a c i d ( r e f . 33), a n d i t s c o n g e n e r s (16 a n d 1 7 ) ( r e f . 3 4 , 35). O t h e r t w o g r o u p s i n c l u d e p e c t e n o t o x i n -1 (18), -2 (19), a n d -3 ( 2 O ) ( r e f . 3 6 ) , a n d y e s s o t o x i n ( 2 l ) ( r e f . 3 7 ) , r e s p e c t i v e l y . A l t h o u g h o k a d a i c a c i d was o r i g i n a l l y i s o l a t e d a s a n a n t i t u m o r s u b s t a n c e f r o m H a l i c h o n d r i a o k a d a i , t h e p r a c t i c a l u t i l i t y of t h i s s u b s t a n c e can n o t be e x p e c t e d owing t o i t s t o x i c i t y . Some o t h e r b i o l o g i c a l a c t i v i t i e s s u c h a s t u m o r p r o m o t i n g a c t i v i t y h a v e b e e n f o u n d f o r o k a d a i c a c i d . S y n t h e s i s of o k a d a i c a c i d h a s been made by I s o b e and t h e c o w o r k e r s ( r e f . 38).
-.. (22) as a n a n t i f u n g a l component from a d i f f e r e n t kind of d i n o f l a g e l l a t e ( r e f . 39). Moore and h i s c o w o r k e r s i s o l a t e d f i v e a n t i t u m o r compounds, s c y t o p h y c i n A, B, C (23), D and E from t h e c u l t u r e d t e r r e s t r i a l b l u e g r e e n a l g a e ( r e f . 40). They are s t r u c t u r a l l y and b i o g e n e t i c a l l y r e l a t e d t o t h e m a r i n e n a t u r a l p r o d u c t s , s w i n h o l i d e A (24) f r o m t h e s p o n g e ( r e f . 41) a n d u l a p u a l i d e A ( 2 5 ) ( r e f . 4 2 ) ( s i m i l a r t o kabiramide C ( r e f . 4 3 ) ) from eggmasses of nudibranch. Sponges t o g e t h e r w i t h c o e l e n t e r a t e s are major o r g a n i s m s i n t h e c o r a l r e e f s and have a l a r g e number of v a r i e t y . Sponges a r e i n t e r e s t i n g o r g a n i s m
s i n view o f t h e f a c t t h a t t h e y keep many s y m b i o n t s ( m i c r o o r g a n i s m s occupy t h e 40% volume of t h e h o s t s p o n g e s i n some cases). Chemical s t u d i e s on s p o n g e s have been made e x t e n s i v e l y , because v a r i o u s k i n d s of sponges are f o u n d a n d n o v e l c o m p o u n d s h a v e b e e n i s o l a t e d . S t r u c t u r a l l y a n d b i o l o g i c a l l y i n t e r e s t i n g c o n s t i t u e n t s of sponges h a v e been i s o l a t e d , and, i n p a r t i c u l a r , t h e r e have been o b t a i n e d many b i o a c t i v e p o l y e t h e r s a n d p o l y e t h e r m a c r o l i d e s s u c h a s o k a d a i c a c i d . Some o f t h e m a r e c o n s i d e r e d t o be o r i g i n a t e d from s y m b i o s i s o r food c h a i n . For example, p o t e n t a n t i n e o p l a s t i c s u b s t a n c e s have been i s o l a t e d and t h e i r s t r u c t u r e s have
b e e n d e t e r m i n e d : t a d e n o l i d e ( 2 6 ) by S c h m i t z ( r e f . 4 4 ) , l a t r u n c u l i n A ( 2 7 ) ( r e f . 4 5 ) , a n d s w i n h o l i d e A ( 2 4 ) ( r e f . 4 1 ) by Kashman. F u s e t a n i , H i g a a n d Kashman a 
HALICHONDRINS
A black sponge Halichondria okadai Kadota commonly found along the coast of Japan is wellknown for containing okadaic acid. We have isolated eight new compounds, halichondrins (29 -36) together with known okadaic acid from this sponge by using the porous polymer resin. We have also isolated glycookadaic acid, which consists of okadaic acid and glycine, and okadaic acid congeners from the sponge.
From 600kg of the sponge the largest amount of a halichondrin (norhalichondrin A (29)) was 35 mg, and halichondrin B (32) was isolated in the crystalline state (12 mg), which shows the most potent antitumor activity and the lowest toxicity. Although the most abundant norhalichondrin A is not crystalline, its crystalline pbromobenzyl ester was subjected to the X-ray crystallographic analysis, which disclosed the structure: the absolute configuration of norhalichondrin A was determined by the CD study on the di-p-bromobenzoated derivative (1985 -1986)(ref. 47) .
From the results of the in vivo animal testing halichondrin B was proved to have potent antitumor activity and low toxicity. Since the content of halichondrin B in the sponge is low and its synthesis would be difficult owing to its complex structure, the clinical use of halichondrin B can not be expected at present. Because halichondrins are considered to be produced by the symbionts of the sponge, we are trying to search for the symbionts, to separate them, and to cultivate them. A red snapper, Lutjanus w, is a very common ciguateric fish in Okinawa. Poisoning caused by this species has been frequently observed. Viscera of a red snapper are suitable as sources of siguatoxin. The content of the toxin is very low, but it is possible to obtain the toxin constantly. A spectroscopic comparison of the Okinawan toxin with the ciguatoxin investigated by Scheuer (less polar ciguatoxin) was successfully performed. Structural studies of ciguatoxin are currently in progress. It i s r e a s o n a b l e t o c o n s i d e r t h a t t h e o c c u r r e n c e of compounds of t h i s t y p e from nudibranch and a sponge is due t o food c h a i n , because nudibranch e a t s sponges. Scytophycin A -E, t h e s k e l e t o n of which i s similar t o t h a t of t h e above mentioned compounds, were i s o l a t e d from a terrestrial b l u e g r e e n a l g a by Moore and h i s c o w o r k e r s ( r e f . 40). (38) , C (39), a n d D ( 3 8 ) p o s s e s s i n g p o t e n t a n t i n e o p l a s t i c a c t i v i t y . The s t r u c t u r a l d e t e r m i n a t i o n of t h e s e compounds h a s b e e n c a r r i e d o u t u s i n g s p e c t r o s c o p i c m e t h o d s ( I R , FABMS, EIMS, ZD-NMR) a n d c h e m i c a l m e a n s , a n d t h e s t r u c t u r e s d i s c l o s e d a r e q u i t e n o v e l . A m p h i d i n o l i d e A , B, C, a n d D p o s s e s s 20-membered, 26-membered, 25-membered, a n d 26-membered l a c t o n e , r e s p e c t i v e l y . The 25-membered l a c t o n e of a m p h i d i n o l i d e C i s t h e f i r s t e x a m p l e a s a n a t u r a l p r o d u c t . I t i s i n t e r e s t i n g t o n o t e t h a t t h e p o t e n t a n t i n e o p l a s t i c compounds w i t h s t r u c t u r a l d i v e r s i t y as t o t h e s i z e o f t h e l a c t o n e r i n g a n d t h e s u b s t i t u t i o n p a t t e r n s were o b t a i n e d f r o m o n e d i n o f l a g e l l a t e ( r e f . 50). So f a r , m a r i n e a n i m a l s a r e known t o k e e p v a r i o u s s y m b i o t i c o r g a n i s m s and s y m b i o s i s h a s a n i m p o r t a n t r o l e f o r b o t h s y m b i o t i c o r g a n i s m s and h o s t a n i m a l s . Although s y m b i o s i s among m a r i n e o r g a n i s m s is i n d i s p e n s a b l e t o t h e development of c o r a l r e e f s , l i t t l e is known a b o u t t h e s y m b i o t i c o r g a n i s m s because of t h e d i f f i c u l t y i n t h e i r s e p a r a t i o n a n d c u l t i v a t i o n , When t h e s e p a r a t i o n a n d c u l t i v a t i o n o f t h e s y m b i o t i c o r g a n i s m s c a n b e c a r r i e d o u t r a t h e r e a s i l y , t h e s t u d i e s on t h e c o n s t i t u e n t s of t h e s y m b i o t i c o r g a n i s m s w i l l be r a p i d l y developed. I n t h e case t h a t a u s e f u l c o n s t i t u e n t s u c h as h a l i c h o n d r i n B is i s o l a t e d i n a m i n u t e amount from m a r i n e a n i m a l s such as sponges, i t i s d e s i r a b l e t h a t t h e s y m b i o t i c o r g a n i s m s are s e a r c h e d and t h e i r s e p a r a t i o n and c u l t i v a t i o n are a t t e m p t e d and t h e i r c h e m i c a l c o n s t i t u e n t s are examined. A s i n t h e c a s e of t h e r e l a t i o n s h i p between n u d i b r a n c h and a sponge d e s c r i b e d above, one must c o n s i d e r t h e food c h a i n i n c o n j u n c t i o n w i t h s y m b i o s i s , when t h e r e l a t i o n s h i p and t h e o r i g i n of t h e c o n s t i t u e n t s o b t a i n e d from b l u e g r e e n a l g a e , d i n o f l a g e l l t e s , sponges, n u d i b r a n c h e s , and f l a t worms are d i s c u s s e d . These i n t e r e s t i n g problems w i l l be s o l v e d i n t h e f u t u r e .
SYMBIOSIS AND FOOD CHAIN
A s d e s c r i b e d p r e v i o u s l y , f u r t h e r r e s e a r c h on t h e m e t a b o l i t e s o f t h e m a r
